Gully erosion is the destructive and dramatic form of land degradation in Northeast China. The region is the grain production and ecological security base of China where the fertile and productive Mollisols are distributed. Though the region was agriculturally developed relatively recently, it went through high intensity cultivation and fast succession processes within short-time scales. Coupled with irrational farming practice choice and land use, hillslope erosion and gully erosion are seriously threatening agricultural production and environmental stability in the region. The awareness of gully erosion by the local governments started in the 1970s, and conservation measures were thus implemented. In this paper, based on our survey, communications with local farmers and stakeholders as well as investigation for gully erosion for the past three years, we summarize the practical and efficient practices to manage gully erosion developed by researchers and farmers in Northeast China during the past 50 years. These practices include various drop structures, soil check dams, masonry check dams, gabion check dams, wicker check dams, continuous live wicker, a shrub plant enclosure, and an arbor plant enclosure. We specifically expound how a gully erosion practice is set up and identify the site conditions for which they are well-suited. The application of these practices depends on topography, gully size, and local economy. Bioengineering techniques in Northeast China, such as continuous live wicker, a shrub plant enclosure, and an arbor plant enclosure, are highly effective in controlling gully erosion. Problems and challenges are also presented.
Introduction
Gully erosion is an important signature of land degradation, which occurs in many places across a wide range of environments [1] [2] [3] [4] [5] [6] . The main consequences of gully erosion are damaged agricultural fields/infrastructure, detrimental sediment, altered transportation corridors, and degraded surface water quality [7] . Gullies are considered one of the most useful indicators of desertification [8, 9] . Gully processes have been investigated extensively, and various control practices to mitigate the problems have been conducted worldwide [10] [11] [12] [13] [14] [15] .
Northeast China is the grain production base and ecological security base of China, where the fertile and productive Mollisols (also called Black soils) are primarily distributed in the country, which is of paramount importance to the national security [16] . Northeast China includes Heilongjiang Province, Jilin Province, Liaoning Province, and four eastern cities in the Inner Mongolia Autonomous Region. The region is 1600 km long in the east-west axis, and 1400 km wide in the north-south axis, with a total through highly intensive cultivation and rapid succession processes with the implementation of policies such as ′March into the great grassland′ and ′Take grain as the key link′ [18, 19] and was characterized by a high-tension man-land relationship within short-term scales [18] . Furthermore, coupled with the adoption of irrational farming such as monoculture, chisel ploughing and improper land use practices (deforestation and over grazing), soil degradation, especially hillslope erosion and gully erosion, are seriously threatening agricultural production and environment in the region [19] [20] [21] . There are 295,700 gullies in the region [22] [23] [24] . Among these gullies, 88.9% is active gullies, with 60.2% developed in farmland which encroaches arable land at an annual gully expansion rate of 7.39 km 2 [25] . Currently, the gully area in the region is around 3648.4 km 2 , and gully density is 1.65 km/km 2 . Nearly 0.5% farmland has been destroyed or abandoned due to gully erosion [26, 27] . Additionally, gully erosion results in the fragmentation of farmland and ultimately makes the land unsuitable for mechanization and best land management practices. The annual grain yield loss by Governmental awareness of the erosion problems in Northeast China started in the 1970s. As a response, plenty of soil and water conservation approaches were conducted. During the past 50 years, researchers, farmers, and ranchers in Northeast China gradually developed many practical and efficient Sustainability 2019, 11, 5065 3 of 16 practices to manage gully erosion [30] . In this paper, based on our survey, communications with local farmers and stakeholders as well as investigation for gully erosion in Northeast China for the past three years, we briefly introduce the main systems for gully development and expansion control, specifically illustrate the evidence-based practices that are successful at controlling gully erosion, expound how a gully erosion practice is set up, and identify the site conditions for which they are well-suited. We also discuss the current problems and challenges ahead.
Two Systems of Gully Erosion Management
The ultimate goal of gully management in the region is to stabilize the gully and rehabilitate vegetation. Depending on the local conditions and resources, as well as actual lasting effect of management practices, main measures such as drop structures at headcuts, check dams in the gully bed, and establishing soil and water conservation barriers along the gully bank have been developed in the past several decades and have gradually evolved into two main systems, i.e., biological and engineering systems.
The biological system is (a) to regrade steepness of the gully bank below 25 • , (b) to construct arc-shaped continuous wicker drop structures at both headcuts and gully bed, and (c) to plant trees or shrubs offering canopy cover along the bank and/or downward on the bank slope. This system ensures that the flow entering the gully initially passes through the wicker drop structure to reduce flow energy and subsequently flows through a stabilized section of the gully. This allows vegetation rehabilitation in the gully (Figure 2) . The system is applied in sloping areas with better water and soil resources. with local farmers and stakeholders as well as investigation for gully erosion in Northeast China for the past three years, we briefly introduce the main systems for gully development and expansion control, specifically illustrate the evidence-based practices that are successful at controlling gully erosion, expound how a gully erosion practice is set up, and identify the site conditions for which they are well-suited. We also discuss the current problems and challenges ahead.
The biological system is (a) to regrade steepness of the gully bank below 25°, (b) to construct arcshaped continuous wicker drop structures at both headcuts and gully bed, and (c) to plant trees or shrubs offering canopy cover along the bank and/or downward on the bank slope. This system ensures that the flow entering the gully initially passes through the wicker drop structure to reduce flow energy and subsequently flows through a stabilized section of the gully. This allows vegetation rehabilitation in the gully ( Figure 2 ). The system is applied in sloping areas with better water and soil resources. The engineering system is to set up drop structures at headcuts and check dams in gully bed locations with masonry for impeding flow scour. The raised gully bed derived from sediment deposition can be used to plant shrubs or grasses ( Figure 3 ). This is a system with supplementary biological measures and is mainly applied in hilly areas with plenty of water. The engineering system is to set up drop structures at headcuts and check dams in gully bed locations with masonry for impeding flow scour. The raised gully bed derived from sediment deposition can be used to plant shrubs or grasses ( Figure 3 ). This is a system with supplementary biological measures and is mainly applied in hilly areas with plenty of water. 
Drop Structures of Controlling Headcuts
Gully erosion frequently occurs as headcuts that move upstream in a concentrated-flow area [31, 32] . A difference in base level where one channel enters another channel may create an overfall. Flow at the overfall is very erosive, which can initiate a headcut within the gully [1, 33, 34] . Therefore, drop structures that can reduce the energy grade along a channel could be used to protect the overfall flow energy and thus stop further retreat of the headcut in the uplands. A drop structure is an engineering-designed outflow device placed at the gully head to dissipate energy in falling water on the downstream side of the dam. It provides energy control for stabilizing the gully head and preventing head advancement [26, 35] . In general, there are at least 7 types of drop structures in Northeast China.
Arc-Reinforced Concrete and Diversion Masonry Drop Structures
The arc-reinforced concrete drop structure is an arc-chute structure constructed at the gully head with 20 cm thickness and 2 m width having slope steepness less than 45°. After grading, leveling, and compacting the gully, a 20 cm thick sandstone layer is paved, and then concrete is poured on the layer. The edge soil from both sides of the chute should be compacted within the slope of the chute. Bushes are planted for protecting the slope (Figure 4a ). This kind of structure is regarded as a first-grade drop structure which is simple and easy to be implemented. Though the structure may experience slight movement with soil freeze/thaw activity, it seldom cracks or exhibits damage. Usually, it is applicable to small gullies (area less than 0.3 ha), ditches along the road, and forest perimeters where the water flow is relatively low in their upper reach.
Arc-concentrated and diversion masonry drop structure is a second-grade drop structure composed of a 2/3 arc-catchment chute, squared but sloped drainage chute and rock riprap ( Figure  4b ). The 270-degree arc can divert the runoff water from different directions into the guide chute, which stabilizes the gully head through draining the baffled water into the gully bed. 
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Arc-Reinforced Concrete and Diversion Masonry Drop Structures
The arc-reinforced concrete drop structure is an arc-chute structure constructed at the gully head with 20 cm thickness and 2 m width having slope steepness less than 45 • . After grading, leveling, and compacting the gully, a 20 cm thick sandstone layer is paved, and then concrete is poured on the layer. The edge soil from both sides of the chute should be compacted within the slope of the chute. Bushes are planted for protecting the slope (Figure 4a ). This kind of structure is regarded as a first-grade drop structure which is simple and easy to be implemented. Though the structure may experience slight movement with soil freeze/thaw activity, it seldom cracks or exhibits damage. Usually, it is applicable to small gullies (area less than 0.3 ha), ditches along the road, and forest perimeters where the water flow is relatively low in their upper reach.
Arc-concentrated and diversion masonry drop structure is a second-grade drop structure composed of a 2/3 arc-catchment chute, squared but sloped drainage chute and rock riprap ( Figure 4b ). The 270-degree arc can divert the runoff water from different directions into the guide chute, which stabilizes the gully head through draining the baffled water into the gully bed.
Masonry is used to build the arc-catchment chute, which is approximately 40 cm thick and 1.5 m high. Wall inclination angle is 50-75 • , the upper is covered with 2 cm thick cement and parallels the soil surface. The drainage chute is also built by masonry, and its width is equivalent to the bottom of the arc-chute with 20 cm thickness. A 20 cm thick sandstone layer is paved under the structure, and a 30-50 cm high ear wall is built on both sides with slope steepness around 15-30%. The bottom is closely connected with riprap. This practice applies to medium-and small-sized gullies with more runoff from the hillslope. Masonry is used to build the arc-catchment chute, which is approximately 40 cm thick and 1.5 m high. Wall inclination angle is 50-75°, the upper is covered with 2 cm thick cement and parallels the soil surface. The drainage chute is also built by masonry, and its width is equivalent to the bottom of the arc-chute with 20 cm thickness. A 20 cm thick sandstone layer is paved under the structure, and a 30-50 cm high ear wall is built on both sides with slope steepness around 15%-30%. The bottom is closely connected with riprap. This practice applies to medium-and small-sized gullies with more runoff from the hillslope.
Masonry Drop Structures for Medium-Sized and Large-Sized Gullies
Masonry drop structure for medium-sized gullies is composed of a catchment chute, retaining wall and stilling basin. The catchment chute is arc-shaped with 20 cm thickness and constructed with small stones and cement. Its width is exactly the same as the headcut width ( Figure 5 left). The side walls of the chute are built with masonry, having a 1.5 m high foundation; the exposed height above ground is no more than 3 m, and wall thickness is 0.5 m. The stilling basin is composed of 0.3 m thick masonry protecting walls along the gully bank and square pool at the gully bottom. This structure first collects the flow from the hillslope into the catchment chute and subsequently continues to direct the plunging flow into the stilling basin, and finally into the gully bottom. This is a first-grade drop structure specifically used for headcut control of medium-sized gullies. Prevention of freezing expansion to the foundation is of crucial importance to avoid wall cracking, and thus, the wall base should be built beneath the frost layer. 
Masonry drop structure for medium-sized gullies is composed of a catchment chute, retaining wall and stilling basin. The catchment chute is arc-shaped with 20 cm thickness and constructed with small stones and cement. Its width is exactly the same as the headcut width ( Figure 5 left). The side walls of the chute are built with masonry, having a 1.5 m high foundation; the exposed height above ground is no more than 3 m, and wall thickness is 0.5 m. The stilling basin is composed of 0.3 m thick masonry protecting walls along the gully bank and square pool at the gully bottom. This structure first collects the flow from the hillslope into the catchment chute and subsequently continues to direct the plunging flow into the stilling basin, and finally into the gully bottom. This is a first-grade drop structure specifically used for headcut control of medium-sized gullies. Prevention of freezing expansion to the foundation is of crucial importance to avoid wall cracking, and thus, the wall base should be built beneath the frost layer. Masonry is used to build the arc-catchment chute, which is approximately 40 cm thick and 1.5 m high. Wall inclination angle is 50-75°, the upper is covered with 2 cm thick cement and parallels the soil surface. The drainage chute is also built by masonry, and its width is equivalent to the bottom of the arc-chute with 20 cm thickness. A 20 cm thick sandstone layer is paved under the structure, and a 30-50 cm high ear wall is built on both sides with slope steepness around 15%-30%. The bottom is closely connected with riprap. This practice applies to medium-and small-sized gullies with more runoff from the hillslope.
Masonry drop structure for medium-sized gullies is composed of a catchment chute, retaining wall and stilling basin. The catchment chute is arc-shaped with 20 cm thickness and constructed with small stones and cement. Its width is exactly the same as the headcut width ( Figure 5 left). The side walls of the chute are built with masonry, having a 1.5 m high foundation; the exposed height above ground is no more than 3 m, and wall thickness is 0.5 m. The stilling basin is composed of 0.3 m thick masonry protecting walls along the gully bank and square pool at the gully bottom. This structure first collects the flow from the hillslope into the catchment chute and subsequently continues to direct the plunging flow into the stilling basin, and finally into the gully bottom. This is a first-grade drop structure specifically used for headcut control of medium-sized gullies. Prevention of freezing expansion to the foundation is of crucial importance to avoid wall cracking, and thus, the wall base should be built beneath the frost layer. curved. The vertical wall with 1-2 m height is built beneath the aqueduct. The top surface of the wall is at the bottom of the aqueduct, with the same width as that of the aqueduct. The wall thickness is 50 cm. The stilling basin is built adjacent to the vertical wall. This structure is applicable to large-sized gullies with wider headcuts and a slight slope. This structure has higher building costs, though it is more effective in controlling gully erosion than simpler structures. We recommend building a diversion structure and shaping the ground to discharge the flow into one aqueduct. Additionally, for soft or less stable soil areas under the aqueduct, laying and pouring concrete to enhance stability is suggested.
Drop Structures with Different Sizes of Gabion
There are basically three types of drop structure with gabion. The first is the drop structure with a small-sized gabion. Usually, this drop structure is an "S"-shaped chute, which is constructed from the headcut inlet along the gully with riprap ( Figure 6 left). The thickness of the gabion is over 0.3 m with padding layer underneath, while the surface of the padding layer is covered by geotextile filter cloth (a tough nonwoven material). The wire-mesh container is 1 m × 1 m wide, and chute length depends on the actual situation, but the slope should not exceed 45 • . It is a simple structure and easy to construct with less material and lower cost than other structures. This structure is applicable to small gullies or semistable gullies with less upstream flow, but not applicable to gullies with more concentrated flow or strong flows at the headcut. Masonry drop structure for large-sized gullies is composed of a long aqueduct with low slope gradient, vertical walls, and a stilling basin ( Figure 5 right). The building materials are all masonry. The aqueduct is a U-shape chute after the headcut is graded. The chute cross section is designed to meet the maximum 3-6 h rainfall occurring once every 10 years. The chute thickness should be 30-50 cm, while the chute extending to the gully bottom should not exceed 25° slopeness. The aqueduct can be linear or curved. The vertical wall with 1-2 m height is built beneath the aqueduct. The top surface of the wall is at the bottom of the aqueduct, with the same width as that of the aqueduct. The wall thickness is 50 cm. The stilling basin is built adjacent to the vertical wall. This structure is applicable to large-sized gullies with wider headcuts and a slight slope. This structure has higher building costs, though it is more effective in controlling gully erosion than simpler structures. We recommend building a diversion structure and shaping the ground to discharge the flow into one aqueduct. Additionally, for soft or less stable soil areas under the aqueduct, laying and pouring concrete to enhance stability is suggested.
There are basically three types of drop structure with gabion. The first is the drop structure with a small-sized gabion. Usually, this drop structure is an "S"-shaped chute, which is constructed from the headcut inlet along the gully with riprap ( Figure 6 left) . The thickness of the gabion is over 0.3 m with padding layer underneath, while the surface of the padding layer is covered by geotextile filter cloth (a tough nonwoven material). The wire-mesh container is 1 m × 1 m wide, and chute length depends on the actual situation, but the slope should not exceed 45°. It is a simple structure and easy to construct with less material and lower cost than other structures. This structure is applicable to small gullies or semistable gullies with less upstream flow, but not applicable to gullies with more concentrated flow or strong flows at the headcut. The multilevel terraced drop structure with a medium-sized gabion is composed of terraced gabions, protecting wall and stilling basin ( Figure 6 , middle). They are all built with 0.6 m high, 0.6 m wide, and 0.80 m long gabions. Though this structure requires relatively more materials, it is durable and relatively easy to construct. This multilevel terraced structure is applicable to mediumsized gullies with more concentrated-flow.
A drop structure with a large-sized gabion is also available. This slope-type ramp with a gentle slope in the upper part is connected to riprap below (Figure 6 right). The gabion is 1 m × 1 m in size and 0.40 m thick. There is a 0.2 m thick padding layer beneath the gabion. The padding layer is first covered by geotextile filter cloth and a plastic net. This structure functions well in transporting flow from multiple directions into the gully bottom and thus is applicable to gullies with a wider headcut. Although more materials are used and more work is required to regrade the headcut, its construction is relatively easier.
Additionally, there are also large arc-concrete drop structures and U-shaped concrete drop structures in the region, but they are not adopted widely. The multilevel terraced drop structure with a medium-sized gabion is composed of terraced gabions, protecting wall and stilling basin ( Figure 6 , middle). They are all built with 0.6 m high, 0.6 m wide, and 0.80 m long gabions. Though this structure requires relatively more materials, it is durable and relatively easy to construct. This multilevel terraced structure is applicable to medium-sized gullies with more concentrated-flow.
Check Dam Practices of Controlling Gully Bed
Additionally, there are also large arc-concrete drop structures and U-shaped concrete drop structures in the region, but they are not adopted widely.
A check dam is a common fixed barrier structure constructed with timber, sandbags, gabion, loose rock, masonry or concrete placed across the flow channel [36] [37] [38] [39] . It is designed to intercept runoff, raise the ground water table, and reduce hydrologic connectivity and sediment transport [40] [41] [42] [43] [44] .
A check dam is composed of the embankment, the spillway, and the outlet in general. Occasionally, some simple check dams are constructed without spillways or outlets [45] .
Although check dams had been built in China for centuries, it is only since the founding of the People's Republic of China that they have been constructed on a large scale, particularly in the Loess Plateau, China [45] [46] [47] . The construction of check dam systems in gullies was initiated in the early 1980s in Northeast China. Currently, there are mainly four types of check dams in the region.
Soil Check Dam
Soil from the gully bottom is used to build soil check dam across the gully. The dam is a trapezoidal structure, 1-3 m high and 0.5-1.5 m wide. The upper part is steeper than the lower part. It can consolidate and raise the gully bed and thus stop bottom incision. It can also stabilize the slope and prevent gully expansion and thus reduce sediments (Figure 7) . runoff, raise the ground water table, and reduce hydrologic connectivity and sediment transport [40] [41] [42] [43] [44] . A check dam is composed of the embankment, the spillway, and the outlet in general. Occasionally, some simple check dams are constructed without spillways or outlets [45] .
Soil from the gully bottom is used to build soil check dam across the gully. The dam is a trapezoidal structure, 1-3 m high and 0.5-1.5 m wide. The upper part is steeper than the lower part. It can consolidate and raise the gully bed and thus stop bottom incision. It can also stabilize the slope and prevent gully expansion and thus reduce sediments (Figure 7) . This practice can be applied in small gullies or medium-and small-sized gullies in semiarid areas for hillslope management. This type of check dam is the simplest and the lowest-cost practice for gully bottom control. However, soil check dams are relatively weak in protecting gully erosion because they mainly intercept runoff and silt and do not transport them. Lady Amherst pheasant (Caragana sinica (Buchoz.) Rehd), sea buckthorn (Hippophae rhamnoides Linn.), and shrub lespedeza (Lespedeza bicolor Turcz.) are usually planted on the dam. 
Masonry Check Dam
In Northeast China, this type of check dam is usually composed of a trapezoidal body, bank protection wall, and stilling pool made from masonry, cobble, cement, and sand. The size of the structure depends on the gully topography. The height is first determined, and then the bottom width, beam ratio, and back slope ratio are designed. The design is clearly specified in GB/T 16453.3. In practice, the height is around 2-5 m.
The shape of the overfall outlet varies as in inverted trapezoid, either rectangle or stepwise. The size of the cross-section should meet the flood peak flow. The top of the bank protection wall should be at least 0.5 m wide. The stilling pool is a square chute constructed with masonry on the gully bed. Representative masonry check dams are shown in Figures 8 and 9 . This practice can be applied in small gullies or medium-and small-sized gullies in semiarid areas for hillslope management. This type of check dam is the simplest and the lowest-cost practice for gully bottom control. However, soil check dams are relatively weak in protecting gully erosion because they mainly intercept runoff and silt and do not transport them. Lady Amherst pheasant (Caragana sinica (Buchoz.) Rehd), sea buckthorn (Hippophae rhamnoides Linn.), and shrub lespedeza (Lespedeza bicolor Turcz.) are usually planted on the dam.
The shape of the overfall outlet varies as in inverted trapezoid, either rectangle or stepwise. The size of the cross-section should meet the flood peak flow. The top of the bank protection wall should be at least 0.5 m wide. The stilling pool is a square chute constructed with masonry on the gully bed. Representative masonry check dams are shown in Figures 8 and 9 . Sometimes, as required, the masonry check dam can also be used as a supplementary drop structure. This structure is often applied for deep headcut gullies, either small or medium-sized. It is composed of a flow-through opening, retaining wall and check dam (Figure 9 right). The opening is in the shape of an inverted trapezoid constructed with 0.5 m thick masonry, and its surface is covered by cement. The length and width depend on the actual size of the headcut. The retaining wall is constructed across the headcut. Its thickness is 0.5 cm, while its height should be 0.5 cm higher than the headcut line. There is an overfall outlet in the middle of the wall, and the horizontal line of the overfall outlet is 1 m higher than the horizontal line of the retaining wall bottom. A check dam is at the lower end of the retaining wall.
Available stone resources are required for this kind of check dam construction. Experience showed that this kind of check dam is easily damaged by freeze-thaw expansion, and thus, a 1.5 m deep foundation is recommended. Further, cement with high strength grade is preferred. With these requirements, the dam can last at least 20 years in Northeast China.
Gabion Check Dam
The structure is similar to that of a masonry check dam, but with gabions as the building unit. Depending on the actual topographical conditions, a single dam body, step type, one stilling pool or two stilling pools are constructed. In general, the height of the dam body should not exceed 5 m with a width of 1.0-1.5 m on the top. It slopes more steeply towards the surface of the water but more gently against the water. Commonly, the gabion is 0.6 m × 0.6 m × 0.8 m. Larger stones are arranged externally, with small stones refilling the inside. The exposed crevices are controlled at ≤ 2.5 cm, and anticorrosion galvanized wire should be used for the gabion with a specification of 8 cm × 10 cm. A single layer of a guard wall and riprap are paved, respectively. Figure 10 illustrates some representative gabion check dams available in the region. Sometimes, as required, the masonry check dam can also be used as a supplementary drop structure. This structure is often applied for deep headcut gullies, either small or medium-sized. It is composed of a flow-through opening, retaining wall and check dam (Figure 9 right) . The opening is in the shape of an inverted trapezoid constructed with 0.5 m thick masonry, and its surface is covered by cement. The length and width depend on the actual size of the headcut. The retaining wall is constructed across the headcut. Its thickness is 0.5 cm, while its height should be 0.5 cm higher than the headcut line. There is an overfall outlet in the middle of the wall, and the horizontal line of the overfall outlet is 1 m higher than the horizontal line of the retaining wall bottom. A check dam is at the lower end of the retaining wall.
The structure is similar to that of a masonry check dam, but with gabions as the building unit. Depending on the actual topographical conditions, a single dam body, step type, one stilling pool or two stilling pools are constructed. In general, the height of the dam body should not exceed 5 m with a width of 1.0-1.5 m on the top. It slopes more steeply towards the surface of the water but more gently against the water. Commonly, the gabion is 0.6 m × 0.6 m × 0.8 m. Larger stones are arranged externally, with small stones refilling the inside. The exposed crevices are controlled at ≤ 2.5 cm, and anticorrosion galvanized wire should be used for the gabion with a specification of 8 cm × 10 cm. A Gabion check dams hold certain flexibility that can dramatically reduce the damage derived from freeze-thaw expansion to masonry check dams. This practice is easy to construct with fewer materials and a lower cost. However, as it has a certain degree of permeability, the interception of sediment is poorer compared to that of masonry check dams. Further, water channeling sometimes might occur due to water transport through the gully bottom or dam sides, which leads to a damaged dam and less functionality. Thus, a 0.5 m deep foundation is recommended when constructing the dam.
An alternative for controlling the gully bottom erosion is a vegetative check dam, particularly the one we highlight below, i.e., the wicker check dam.
Wicker Check Dam
As indicated from its name, the core component of the check dam is wicker material. There are two ways to construct the wicker check dam. For a wicker check dam with stones, bunches of multiple wickers, fixed with wooden pins and connected with wire, are laid equidistant from each other. Soils or cobbles fill the spaces between the wicker bunches. For a wicker check dam with soils, 2-3-yearold willows with a 3 cm diameter are inserted into the soil over 0.5 m deep, and above ground 1.0 m high. Then, soils and cobbles are filled among the wickers. Usually, each bundle should have at least 10 wickers and be fixed by wooden stakes every 20 cm. The wicker bundles are laid parallel, crossing the gully with 0.5 m spacing ( Figure 11 ). This is a living check dam with the perfect integration of plant components. Gabion check dams hold certain flexibility that can dramatically reduce the damage derived from freeze-thaw expansion to masonry check dams. This practice is easy to construct with fewer materials and a lower cost. However, as it has a certain degree of permeability, the interception of sediment is poorer compared to that of masonry check dams. Further, water channeling sometimes might occur due to water transport through the gully bottom or dam sides, which leads to a damaged dam and less functionality. Thus, a 0.5 m deep foundation is recommended when constructing the dam.
As indicated from its name, the core component of the check dam is wicker material. There are two ways to construct the wicker check dam. For a wicker check dam with stones, bunches of multiple wickers, fixed with wooden pins and connected with wire, are laid equidistant from each other. Soils or cobbles fill the spaces between the wicker bunches. For a wicker check dam with soils, 2-3-year-old willows with a 3 cm diameter are inserted into the soil over 0.5 m deep, and above ground 1.0 m high. Then, soils and cobbles are filled among the wickers. Usually, each bundle should have at least 10 wickers and be fixed by wooden stakes every 20 cm. The wicker bundles are laid parallel, crossing the gully with 0.5 m spacing ( Figure 11 ). This is a living check dam with the perfect integration of plant components. Sustainability 2019, 11, x FOR PEER REVIEW 10 of 16 
Vegetation Rehabilitation for Gully Erosion
Rehabilitating permanent vegetation as quickly as possible is essentially needed to ensure gully erosion control. In Northeast China, the accepted principle of gully management is to prioritize vegetation rehabilitation to enclose the gullies after the establishment of engineering measures, i.e., implementing bioengineering or live stake techniques. The approaches are to use vegetation (locally native, noninvasive species are preferred) to protect channels subjected to high water velocities. In general, there are three commonly used practices.
Continuous Live Wicker
This practice has been used to successfully implement over 1000 gullies in Baiquan County, Heilongjiang Province for the past 4 decades, which has saved at least 50 km 2 soil loss area and is being gradually implemented in the northeastern black soil areas. It is either set up from headcut to gully end continuously or arranged in sections according to soil and moisture conditions. The widearc-shaped structure ensures that all water flows through the continuous wicker. The wicker must be alive. The slope of the gully bank is regraded below 35°; interval spacing of the live wicker row is 0.5 m (Figure 12 ). The wicker trunk should be over 2 cm in diameter (5-years old willow) and is inserted 30 cm deep in soil. The above-ground part of the wicker should have at least two buds, and the top surface of the wicker is sealed by paint to reduce transpiration. To implement this practice, it is better to transplant the wicker within 3 days after cutting. If conditions do not allow timely transplanting, bury them in wet soil or soak them in water for short-term preservation. Regrading the slopeness is a must for the successful implementation of this practice. This practice is applicable to gullies inside farmland with better soil fertility and more rainfall, small gullies along roads or branch gullies among medium-and large-sized gullies. 
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Continuous Live Wicker
This practice has been used to successfully implement over 1000 gullies in Baiquan County, Heilongjiang Province for the past 4 decades, which has saved at least 50 km 2 soil loss area and is being gradually implemented in the northeastern black soil areas. It is either set up from headcut to gully end continuously or arranged in sections according to soil and moisture conditions. The wide-arc-shaped structure ensures that all water flows through the continuous wicker. The wicker must be alive. The slope of the gully bank is regraded below 35 • ; interval spacing of the live wicker row is 0.5 m (Figure 12 ). The wicker trunk should be over 2 cm in diameter (5-years old willow) and is inserted 30 cm deep in soil. The above-ground part of the wicker should have at least two buds, and the top surface of the wicker is sealed by paint to reduce transpiration. To implement this practice, it is better to transplant the wicker within 3 days after cutting. If conditions do not allow timely transplanting, bury them in wet soil or soak them in water for short-term preservation. Regrading the slopeness is a must for the successful implementation of this practice. This practice is applicable to gullies inside farmland with better soil fertility and more rainfall, small gullies along roads or branch gullies among medium-and large-sized gullies. 
Shrub Plant Enclosure
Instead of the continuous live wicker, shrub plants are also adopted. To actively developing gullies, shrub drop structures at the headcut with several shrub check dams inside the gully are often established after grading the gullies. The shrub drop structure at the headcut is composed of cross wickers with 20-40 cm spacing downward, and wicker check dams constructed every 5-10 m along the gully bed. Among the dams, live wickers are planted appropriately (Figure 13 ). For stabilized gullies, simultaneously some shrub plants, such as sea buckthorn (Hippohgae rhamnoides L), caraganapea tree (Caragana microphylla Lam), hazel (Corylus heterophylla Fisch), shrub lespedeza (Lespedeza bicolor Turcz), false indigo (Amorpha fruticosa L.), and raspberry (Rubus idaeus L.) are planted in the gully bank or down the slope (Figure 13 ). This practice can develop a system with shrub plants enclosing the whole gully.
Under the current intensive land use scenario in Northeast China, planting shrub plants along the gully bank in the farmland does not affect crop growth and yield, and thus, it is an ecological restoration practice in gully control and is accepted by local farmers. 
Arbor Plant Enclosure
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Arbor Plant Enclosure
This practice forms a patch of forest. Arbor plants are planted along the gully bank and in the gully bottom. Planting density is denser than a cash forest. If conditions allow, shrubs such as sea buckthorn and shrub lespedeza are interplanted with arbor in a spacing of 1 m. Generally, arbor is planted with 1.5 m × 1.5 m spacings, while shrubs are planted with 0.5 m × 0.5 m spacing. Arbor willow (Salix babylonica L.), and elm (Ulmus pumila L) are planted on the flow path, while poplar (Populus tremula L), pine (Larix gmelinii (Rupr.) Kuzen) and eucalyptus are planted on both sides of the gully wall ( Figure 14 ). Shrubs grow faster and can cover the ground quickly, which is beneficial to the initial management for the gully protection. Thus, it can quickly rehabilitate the vegetation of the gully. This practice forms a patch of forest. Arbor plants are planted along the gully bank and in the gully bottom. Planting density is denser than a cash forest. If conditions allow, shrubs such as sea buckthorn and shrub lespedeza are interplanted with arbor in a spacing of 1 m. Generally, arbor is planted with 1.5 m × 1.5 m spacings, while shrubs are planted with 0.5 m × 0.5 m spacing. Arbor willow (Salix babylonica L.), and elm (Ulmus pumila L) are planted on the flow path, while poplar (Populus tremula L), pine (Larix gmelinii (Rupr.) Kuzen) and eucalyptus are planted on both sides of the gully wall ( Figure 14) . Shrubs grow faster and can cover the ground quickly, which is beneficial to the initial management for the gully protection. Thus, it can quickly rehabilitate the vegetation of the gully.
This practice is applicable to medium-and large-sized gullies, particularly gullies along the road and in abandoned land. Depending on the gully site conditions, the artificial forestation by reasonable assembly of arbor trees or mixed with shrub can rehabilitate the ecological environment while managing gully erosion. Although vegetation has an excellent potential to trap sediments, it cannot stop the upslope migration of the gully headcut, but it likely controls gully incision. 
Discussion
Land must be protected against gully erosion to remain a viable resource indefinitely. Many practices have been developed to mitigate gully erosion in Northeast China. The typical practices constructed at headcuts in a permanent gully are diversion structures and drop structures, which can stabilize the gully head and thus decrease sediment load and concentration [29, 48] . At least seven drop structures are available in the region, and their effectiveness is dependent on terrain and gully size. However, the outlets of drop structures for headcut control need to be protected from downstream scour. These problems can gradually be resolved with the improvement of design specification and the layout theory [5] , while adoption of reduced tillage and straw mulching could also compliment the effectiveness [49] .
There are mainly four types of check dams for controlling gully bed erosion in Northeast China. The immediate application of these dams depends on the topography, gully size, and local economy. Unfortunately, there is a lack of scientific investigations and surveys on the long-term effectiveness This practice is applicable to medium-and large-sized gullies, particularly gullies along the road and in abandoned land. Depending on the gully site conditions, the artificial forestation by reasonable assembly of arbor trees or mixed with shrub can rehabilitate the ecological environment while managing gully erosion. Although vegetation has an excellent potential to trap sediments, it cannot stop the upslope migration of the gully headcut, but it likely controls gully incision.
Land must be protected against gully erosion to remain a viable resource indefinitely. Many practices have been developed to mitigate gully erosion in Northeast China. The typical practices constructed at headcuts in a permanent gully are diversion structures and drop structures, which can stabilize the gully head and thus decrease sediment load and concentration [29, 48] . At least seven drop structures are available in the region, and their effectiveness is dependent on terrain and gully size.
However, the outlets of drop structures for headcut control need to be protected from downstream scour. These problems can gradually be resolved with the improvement of design specification and the layout theory [5] , while adoption of reduced tillage and straw mulching could also compliment the effectiveness [49] .
There are mainly four types of check dams for controlling gully bed erosion in Northeast China. The immediate application of these dams depends on the topography, gully size, and local economy. Unfortunately, there is a lack of scientific investigations and surveys on the long-term effectiveness of these dams in the region. Further, assessing the changes in the resilience of the available practices to the dynamics of social and natural changes is urgently required.
The larger reduction in gullies with check dams and vegetation can be attributed to the sediments deposited behind the check dams and to the presence of vegetation in the channel that reduces runoff velocity and increases infiltration [38, 39] . There are also indications that check dams induce local erosion processes [40, 50] and affect the sediment budget at the catchment scale. Do the check dams have the similar consequences in Northeast China? This has to be answered in the future, as no data are available now.
Several researchers indicated that disturbances induced by check dams can be negative when induced erosion is high, or when they create a false stabilization image [38, 51] . Nevertheless, the positive effects of subsurface dams on the stability of the check dams can improve the societal perception of the success of gully rehabilitation schemes [35] .
In our survey, we also observed the occurrence of collapsed check dams or bypassed check dams in the region, which discouraged the implementations of check dams by local farmers. Therefore, scientific information is required to understand if the detrimental effects of check dams exist in Northeast China.
Bioengineering techniques in Northeast China, such as continuous live wicker, shrub plant enclosures, and arbor plant enclosures, are highly effective in controlling gully erosion. These practices develop a well-planned water management system, which is critical to avoid excessive rill and gully erosion easily occurring on the bare soils and steep slopes. However, only environmentally conscious farmers are willing to support such practices on their fields, because bioengineering techniques are nonprofitable in the short-term. In this regard, future gully erosion management planning should therefore be well designed and developed that could benefit local farmers' household and income [48] .
Practices demonstrated that poor installation defeats the best of practices; thus, technical specifications for gully erosion control practices are required. However, maintenance should not be neglected after the installation of the practices in the region. The local population may abandon conservation practices almost immediately after installation because the local farmers cannot or will not maintain them. Hence, the practices should be inspected periodically and repaired promptly if failure occurs.
Additionally, in accelerating the implementation of gully erosion control practices, policies encouraging individuals and local governments to adopt available practices ought to be established, such as a cost-sharing incentive-based program. Moreover, gully erosion control practices must fit the land, soil characteristics, and socioeconomic conditions where they are applied. The identification of cost-effective gully stabilization practices is still a great challenge in the region.
Conclusions
Hillslope erosion and gully erosion are seriously threatening agricultural production and environmental stability in Northeast China. Biological and engineering systems have been developed for controlling gully erosion. The typical practices constructed at headcuts in a permanent gully are diversion structures and drop structures. At least seven drop structures are available in the region, and their effectiveness is dependent on terrain and gully size. There are mainly four types of check dams for controlling gully bed erosion. They are soil check dams, masonry check dams, gabion check dams, and wicker check dams. The application of these dams depends on the topography, gully size, and local economy. Bioengineering techniques in Northeast China, such as continuous live wicker, shrub plant enclosures, and arbor plant enclosures, are highly effective in controlling gully erosion. The critical procedures controlling gully are regrading the gully head and banks, placing riprap on the regraded head and banks, planting various plants (shrub and arbor) on the banks, head or inside gully to enclose relevant area, and thus stabilizing the gully. Sustainable gully erosion management should be based on the participation of local people that recognize and protect traditional land management knowledge. The full understanding of drivers and mechanisms of gully erosion processes will help to achieve sustainable gully management in Northeast China.
